Objective: To determine vitamin D and bone status in adolescent girls, pre-menopausal women and men of Pakistani origin, to single out determinants of vitamin D status and to determine the association between vitamin D status, bone metabolism and bone status. Subjects/Methods: Cross-sectional study, Copenhagen (551N), January-November. Serum 25-hydroxyvitamin D (S-25OHD), serum intact parathyroid hormone (S-iPTH), bone turnover markers and whole body and lumbar spine bone mineral density were measured. Sun, smoking and clothing habits, age, body mass index (BMI), and vitamin D and calcium from food and from supplements were recorded. Thirty-seven girls (median age, range: 12.2 years, 10.1-14.7), 115 women (36.2 years, 18.1-52.7) and 95 men (38.3 years, 17.9-63.5) of Pakistani origin (immigrants or descendants with Pakistani parents) took part in the study. Results: Median concentration of S-25OHD was 10.9, 12.0 and 20.7 nmol/l for girls, women and men, respectively. Forty-seven per cent of the girls, 37% of the women and 24% of the men had elevated S-iPTH, and there was a negative relationship between S-iPTH and S-25OHD. Use of vitamin D-containing supplements had a positive association with S-25OHD for men (P ¼ 0.04) and women (P ¼ 0.0008). Twenty-one per cent of the women and 34% of the men had osteopenia. Neither S-25OHD nor S-iPTH was associated with lumbar spine or whole body bone mineral content. 
Introduction
Vitamin D is a primary regulator of calcium homoeostasis and bone metabolism. The active metabolites of vitamin D facilitate the absorption of calcium and phosphorus in the gut to maintain blood calcium concentrations that are vital to proper bone mineralization. Vitamin D deficiency can result in rickets in children, and in osteomalacia and/or osteoporosis in adults and elderly (Heaney, 2003; Zittermann, 2003) . Since the main source of vitamin D is ultraviolet light, reduced sun exposure, due to clothing habits, dark skin pigmentation or living at northern latitudes, can lead to vitamin D deficiency. Diet is a secondary source of vitamin D, since only few foods contain significant amounts of vitamin D.
In the late 1960s and early 1970s Pakistani men moved to Denmark as labour immigrants. Many of the immigrants settled down and have now lived in Denmark for about 30 years with their family and descendants. Presently about 313 100 people from non-Western countries live in Denmark, and about 19 250 of these are of Pakistani origin (immigrants and descendants) (Statistics Denmark, 2005) . People who migrate from sun-rich countries to countries that are sun-deprived for half of the year and have low UVintensity even at summer (e.g., Denmark) may increase their risk of vitamin D deficiency. In particular, when the habit of avoiding direct sun exposure is maintained and most of the skin is covered with clothes also during the summer, the deficiency may become severe.
In recent studies from Norway Holvik et al., 2005) vitamin D deficiency was prevalent among Pakistani adults (mean serum 25-hydroxyvitamin D (S-25OHD): 21-25 nmol/l), but serious deficiency was not associated with reduced bone mineral density among the Pakistani women (Falch and Steihaug, 2000; Meyer et al., 2004) . Two other studies from Oslo, Norway, found that vitamin D deficiency (mean S-25OHD: 15-19 nmol/l) was common among pregnant Pakistani women (Brunvand and Haug, 1993; Henriksen et al., 1995) . Rickets and osteomalacia have been described among Asian immigrants in the UK for several years (Dunnigan et al., 1962; Hunt et al., 1976; Henderson et al., 1987; Nisbet et al., 1990; Finch et al., 1992; Solanki et al., 1995; Serhan and Holland, 2002) . In Denmark, vitamin D deficiency (mean S-25OHD 7 nmol/l) is found among Arab women (Glerup et al., 2000a, b) , however people of Pakistani origin have not been investigated. Besides, little is known about vitamin D status of immigrant children and men.
The aim of this study was to determine the vitamin D and bone status in healthy adolescent girls, pre-menopausal women and men of Pakistani origin (immigrants or descendants) living in Denmark, and to determine the association between the vitamin D status, bone metabolism and bone status. Besides, to identify the most important risk factors for vitamin D deficiency among the Pakistanis, the determinants of vitamin D status were investigated for the adults.
Subjects and methods
The study is the baseline part of a 1-year long double-blinded randomized placebo-controlled intervention study with two doses of vitamin D (10 and 20 mg/day).
The local ethic committee approved the study protocol (Reg. No. KA01101g). The study was carried out in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants, as well as from the parents/guardians of the girls.
Subjects
The subjects were adolescent girls (median age 12.2 years, range 10.1-14.7), pre-menopausal women (median age 36.2 years, range 18.1-52.7) and men (median age 38.3 years, range 17.9-63.5). All subjects were of Pakistani origin (immigrants or descendants with Pakistani parents) primarily living in the Copenhagen area, Denmark (551N) . About 87% of all the Pakistanis in Denmark live in the Copenhagen area (Statistics Denmark, 2005) .
The recruitment began in January 2002. Few subjects were recruited during the first quarter (10%), and the recruitment strategy was intensified during the spring. Therefore, most subjects (80%) were recruited during the second and third quarter of 2002, which is the season in Denmark with vitamin D-producing UV radiation. An extra effort was made to recruit more men during September-October, and the last 10% (mainly men) were recruited during these months. The recruitment ended in November, since fasting blood sampling is not possible during the Muslim Ramadan (which took place during November-December in 2002).
The subjects were recruited through information meetings at schools, mosques, cricket clubs, private organizations, etc.; adverts in local Pakistani newspapers, local Pakistani radio and television and posters in relevant places, since the Danish National Central Offices of Civil Registrations do not contain information about ethnic origin. Consequently, the sample is not random and the representativeness of the sample could not be assessed due to lack of information about non-acceptors.
Among a total of 295 subjects signing up for participation 247 (37 girls, 115 women, 95 men) participated at the baseline visit including interview, blood and urine sampling. The number of subjects corresponds to 4.2, 2.3 and 1.5%, respectively, of all the Pakistani girls, women and men living in Denmark at corresponding ages (Statistics Denmark, 2005) . The setting was the Danish Food and Veterinary Administration (now the National Food Institute).
Exclusion criteria were medications and diseases known to affect bone metabolism or S-25OHD concentrations, pregnancy and breast-feeding. The women were tested for pregnancy before dual energy X-ray absorptiometry (DXA) scanning. One pregnant and one post-menopausal woman and one man with lymphoma were excluded. Subjects with incomplete data in one or more of the explanatory variables were excluded in the multiple regression analyses, and they did not differ significantly from the study population with respect to S-25OHD and the available explanatory variables.
Biochemical sampling and analyses
Morning blood samples were taken by venipuncture after an overnight fast. Local anaesthetic patches were offered to the girls to reduce the discomfort of venipuncture. Blood samples were centrifuged (approximately 3000 g for 10 min.) within 2 hours of sampling, and serum was frozen and stored at À801C. Morning second void urine samples were collected after an overnight fast. Urine samples were frozen and stored at À201C.
S-25OHD concentrations (vitamin D2 plus D3 are used here, since D2 was only detected in four subjects) were analysed by high-performance liquid chromatography (HPLC) using a diode array detector for detection and an absorbance detector for quantification. The inter-assay coefficient of variation (CV) is 6.3% and the intra-assay CV is 4.3%. The method is described elsewhere (Andersen et al., 2005) . S-25OHD concentrations were analysed at the Danish Institute for Food and Veterinary Research, Denmark (now the National Food Institute). Serum intact parathyroid hormone (S-iPTH) concentrations were analysed by an immuno-radiometric method using a commercial OCTEIA assay (IDS, Bolton, UK). The inter-assay CV is 4.0% and the intra-assay CV is 2.3%. Serum total calcium (S-Ca) and serum total phosphate (S-P) concentrations as well as urinary calcium (U-Ca) and urinary phosphate (U-P) excretion were analysed by an absorptiometry method using a KoneLab spectrophotometer (Thermo Clinical Labsystems Ltd, Espoo, Finland, 2000) . The inter-and intra-assay CVs for these parameters are less than 5%, with exception of urinary phosphate with CVs of 10%. S-iPTH, S-Ca, S-P, U-Ca and U-P were analysed at University of Helsinki, Finland. Serumionized calcium (S-i-Ca) Denmark) . Serum osteocalcin levels were determined by using an enzyme-linked immunosorbent assay (BRI-Diagnostics, Dublin 9, Ireland). Inter-assay CV is 11% and intraassay CV is 8%. Urinary pyridinoline and deoxypyridinoline were measured by HPLC with fluorescence detection and quantified by external standardization using a commercially available pyridinoline/deoxypyridinoline HPLC calibrator (MetraBiosystems Ltd, Wheatley, Oxon, UK). Inter-assay CV is 9 and 11%, respectively. Intra-assay CV is 6 and 7%, respectively. Urinary creatinine was analysed by a colorimetric procedure using a diagnostic kit (Cat. no. 124, 192 Boehringer Mannheim GmbH, Germany). The inter-assay CV is 6.7% and the intra-assay CV is 3.2%. S-osteocalcin, U-pyridinoline and U-deoxypyridinoline were analysed at University College Cork, Ireland.
Bone mineral assessment
Whole body and lumbar (L2-L4) bone mineral content (BMC) measured in grams hydroxy-apatite, bone size expressed as anterior-posterior projected bone area (BA) measured in cm 2 and bone mineral density measured in grams per cm 2 (BMD ¼ BMC/BA) were determined by DXA scan using a Hologic 1000/W scanner (Hologic Inc., Waltham, MA, USA). For whole body and lumbar analyses, software versions V5.73 and V4.76P, respectively were used. Subjects wore shirt and long trousers or were covered by a cotton blanket during the scans. Clothes with metal (mainly in buttons or bras) and jewellery were removed. For quality control, a spine phantom was scanned daily. The CVs for the BMC, BA and BMD measurements on the spine phantom over a period of 2 years (n ¼ 429) are 0.35, 0.32 and 0.32%, respectively. In adults examined with 8 weeks' interval reproducibilities expressed as CVs are 1.6, 2.2 and 0.9% for whole body BMC, BA and BMD, respectively (Hansen and Astrup, 1998, unpublished results). The effective dose for a whole body and a lumbar DXA scan was not more than 10 mSv in total, equal to about a day's background radiation in Denmark.
Dietary intake
The subjects answered a food frequency questionnaire (FFQ) covering 1 month that ascertained the food groups contributing to 95% of the vitamin D intake and 75% of the calcium intake determined from the Danish national dietary survey, which, however, does not contain intake data from Pakistani immigrants (Andersen et al., 1996) . The questionnaire included the following specific food groups: milk and milk products (including chai and lassie), cheese, bread (including chapatti and parathi), fish, meat, egg and dried pulse. The intake calculations were performed using the General Intake Estimation System described elsewhere (Christensen, 2001; Andersen et al., 2005) .
Background information
All the subjects answered a questionnaire that ascertained demographic characteristics, chronic diseases, smoking habits (adults only), menarche status (girls only), use of medication, sun habits, clothing habits, holidays and other lifestyle variables. Intake of vitamin D-and/or calciumcontaining supplements was recorded by brand and dosage. Weight and height were recorded without shoes. The body mass index (BMI) was calculated (weight (kg)/height 2 (m 2 )).
The age of the subjects is the age on the date of blood sampling and interview.
Statistical analysis SAS version 8.02 was used for all statistical analyses. The significance level was chosen as 0.05. All analyses were performed for girls, women and men separately. Analyses included standard descriptive statistics and Spearman correlations (do not require normal distribution of and linear relationship between x and y). In the multiple regression analyses (procedure GLM, general linear model) described below S-25OHD, S-iPTH, vitamin D and calcium intake, bone markers, BMC, BMD, BA, height and weight were logarithmically transformed to achieve linearity and normally distributed residuals. GLM were performed to describe the relation between S-25OHD and the possible explanatory variables for the adults (due to few subjects girls were omitted). The following categorical variables were included: vitamin D-containing supplements (0 ¼ taking no supplements, 1 ¼ taking supplements regularly), calcium-containing supplements (women only: 0 ¼ taking no supplements, 1 ¼ taking supplements regularly), sun habits ('how do you prefer to stay outside during summer season': avoid sun, sometimes in sun, or prefer sun (reference group)), smoking habits (men only: smoker, ex-smoker or non-smoker (reference group)), clothing habits (women only, 'how are you normally dressed outside during summer': short sleeves and short trousers/ skirt, short sleeves and long trousers/skirt or long sleeves and long trousers/skirt (reference group)). The following continuous numerical variables were included: age (years), BMI (kg/m 2 ), vitamin D intake from food (mg/day), calcium intake from food (mg/day) or total (from supplements þ food) calcium intake (men only) (mg/day).
Estimated regression coefficients (b) represent the slope, that is the effect on outcome for a one unit increase in the respective covariate. Since outcome (S-25OHD) was logarithmically transformed, we transformed the coefficients to ratio estimates (10 b ), indicating a multiplicative increase in outcome corresponding to one unit increase in the covariate. For the covariates that were themselves logarithmically transformed (vitamin D and calcium intake from food), this ratio corresponds to the effect of a one unit increase on logarithmic scale, that is, a tenfold increase on the original scale. Since it is unrealistic to increase the vitamin D and calcium intake tenfold, we instead calculated and present effects corresponding to a 50% increase for vitamin D and calcium intake (1.5 b ). The mathematical calculation of these interpreted ratio estimates is described elsewhere (Andersen et al., 2005) . GLM were also performed to describe the relation between BMC (lumbar spine and whole body) and vitamin D status. As recommended by Prentice et al. (1994) , it was performed as size-corrected GLM by including weight, height and BA as explanatory variables. Moreover, age (years) and S-25OHD concentrations were included as explanatory variables for women and men (for girls only S-25OHD were included, due to the few subjects). The same kind of analysis was performed to describe the relation between BMC (lumbar spine and whole body) and S-iPTH concentrations.
Age-corrected GLM were performed to investigate the relation between S-25OHD and the bone markers (Sosteocalcin, U-pyridinoline and U-deoxypyridinoline). The same kind of analysis was performed to describe the relation between the bone markers and S-iPTH concentrations, as 
Results
Characteristics of the population are shown in Table 1 , all biochemical parameters are shown in Table 2 and bone measurements are shown in Table 3 .
Vitamin D status (S-25OHD)
The median concentration of S-25OHD was 10.9, 12.0 and 20.7 nmol/l for girls, women and men, respectively. Eighty per cent of the samples were taken from April to September (the period in Denmark with vitamin D-producing UV radiation). There was seasonal variation in S-25OHD values for girls (P ¼ 0.002) and men (P ¼ 0.01), but not for women (P ¼ 0.2). The median winter (November-March) values were 4.3-6.2 nmol/l and the median summer (April-October) values were 17.1-21.6 nmol/l for girls and men. Eighty-one per cent of the girls and 84% of the women had S-25OHD concentrations below 25 nmol/l (often referred to as deficiency), and 46% of the girls and 40% of the women were below 10 nmol/l (often referred to as severe deficiency). Sixty-five per cent of the men had S-25OHD concentration below 25 nmol/l and 13% were below 10 nmol/l. Almost all persons had S-25OHD concentrations below 50 nmol/l (often referred to as insufficiency) ( Table 4) .
S-25OHD and S-iPTH
Forty-seven per cent of the girls, 37% of the women and 24% of the men had elevated S-iPTH (44.1 pmol/l), and all of Severely low vitamin D status among Pakistanis in Denmark R Andersen et al them had S-25OHD o50 nmol/l. There was a significant negative correlation (Spearman) between S-25OHD and S-iPTH for girls (À0.63, Po0.0001) and for women (À0.50, Po0.0001). For men, the tendency was the same, although it did not quite reached significance (À0.20, P ¼ 0.053). The association between S-25OHD and S-iPTH is shown in Figure 1 . When comparing different categories of S-25OHD (Table 4) , there was a significant difference in S-iPTH, for girls, women and men, and the differences are seen to correspond well to the inverse relationship in Figure 1 .
Determinants of S-25OHD concentrations
To explain the (logarithmically transformed) S-25OHD concentrations multiple regression analysis was performed and effects are quantified in Table 5 . Owing to the low number of girls, data are not shown for girls.
The following variables were included for both women and men: age, BMI, use of vitamin D-containing supplements, dietary (from food only) vitamin D intake and sun habits. For women use of calcium-containing supplements and dietary calcium intake was also included, but since only two men used calcium-containing supplements (Table 1) , it was not included as a separate variable for men. Instead, the dose of calcium from supplements was added to the dietary calcium intake and the total calcium intake was included for men. Smoking habits were included for men, but not for women, since only four women were present or former smokers (Table 1) . Clothing habits were only included for women, since 80% of the men belonged to the same clothing category (Table 1) .
Use of vitamin D-containing supplements had a positive association with S-25OHD for both men (P ¼ 0.04) and women (P ¼ 0.0008). The median S-25OHD concentrations for supplement users vs non-users were 21.2 vs 10.1 nmol/l Table 4 Prevalence of vitamin D status (%) and median S-iPTH (pmol/l) in categories of S-25OHD Dietary calcium intake had a negative association (P ¼ 0.04) with S-25OHD for women.
Interpreted ratio estimates
The estimated regression coefficients are not directly comparable due to different units in the explanatory variables, and interpreted ratio estimates are therefore calculated for women and men (Table 5 ). The interpreted ratio estimates indicate how differently the various explanatory variables affect the S-25OHD concentration. One of the covariates of main interest is use of vitamin D-containing supplements. For this variable, the interpreted ratio estimates are 107% for women and 35% for men. For women it has a massive effect (214%) on S-25OHD concentration to wear short sleeves and short trousers or skirt normally during summer, but the association is not significant (P ¼ 0.08), since only one Pakistani woman is dressed this way.
Bone status
Three per cent of the women and 8% of the men had osteoporosis defined by T score pÀ2.5 (Table 3) . Twenty-one per cent of the women and 34% of the men had osteopenia (À2.5oT score pÀ1.0), and 76% of the women and 58% of the men had normal bone status (T score 4À1.0). There were no significant correlations (Spearman) between vitamin D status (S-25OHD) and any of the DXA-scanning parameters (whole body and lumbar spine: BA, BMD and BMC) for girls, women and men. In multiple regression analysis S-25OHD concentrations were not significantly related with sizecorrected lumbar spine or with size-corrected whole body BMC for girls, women and men.
In multiple regression analysis S-iPTH concentrations were not significantly related with size-corrected lumbar spine or size-corrected whole body BMC for girls, women and men.
Bone markers
In age-corrected multiple regression analysis a significant negative association between S-osteocalcin and S-25OHD was found for women (P ¼ 0.0006, b ¼ À0.2), but not for girls and men.
There was a significant positive association between U-deoxypyridinoline and S-25OHD for girls (P ¼ 0.01, b ¼ 0.3), but no association for women and men, in age-corrected multiple regression analysis. No significant association was found between U-pyridinoline and S-25OHD for girls, women and men in age-corrected multiple regression analysis.
A significant positive association was found between S-osteocalcin and S-iPTH for girls (P ¼ 0.02, b ¼ 0.4) and women (Po0.0001, b ¼ 0.4), but not for men.
Neither U-pyridinoline nor U-deoxypyridinoline was significantly associated with S-iPTH for girls, women and men.
For all groups (girls, women and men) none of the bone markers were associated with either BMC, BMD or BA in age-corrected multiple regression analysis.
Discussion
First, very low vitamin D status was found in this study among adolescent girls, pre-menopausal women and men of Pakistani origin living in Denmark. More than 80% of the girls and women had S-25OHD concentration below 25 nmol/l, and about 40% were below 10 nmol/l. Low vitamin D status was also very common among men, as 65% had S-25OHD concentration below 25 nmol/l and about 10% below 10 nmol/l. Almost all subjects had S-25OHD concentrations below 50 nmol/l. Since 80% of the blood samples were taken during April to September, the season in Denmark with vitamin D-producing UV radiation, an even larger proportion of the population may be expected to be vitamin D deficient during wintertime. Pakistanis in Norway had vitamin D status (21-25 nmol/l) similar to our men (median 20.7 nmol/l), but higher than our females (medians 10.9-12 nmol/l) (Falch and Steihaug, 2000; Meyer et al., 2004; Holvik et al., 2005) . Pakistani women in UK had higher S-25OHD concentration (mean 19.8 nmol/l, season not stated) than the females in our study (Roy et al., 2007) . However, it should be kept in mind that comparing S-25OHD in different studies is problematic due to interlaboratory variations (Lips et al., 1999; Heaney, 2000; Ovesen et al., 2003; Binkley et al., 2004; Carter et al., 2004; Hollis, 2004) . Besides, the non-random recruitment and lack of representativeness is a limitation for this study.
Second, along with low vitamin D status, 47% of the girls, 37% of the women and 24% of the men had elevated S-iPTH concentrations. To maintain normal serum calcium concentrations, the organism will compensate for a reduced vitamin D status by increasing the secretion of parathyroid hormone (PTH), thereby generating secondary hyperparathyroidism (Falch and Steihaug, 2000) .
Third, there was a clear negative relationship between S-iPTH and S-25OHD. However, the S-25OHD level needed for suppression of PTH seems to be much lower (around 10 nmol/l) in this study compared to S-25OHD levels (30-99 nmol/l, with a tendency to cluster in the 75-80 nmol/l range) estimated to suppress PTH among Caucasians (mainly elderly women) (Chapuy et al., 1997; Jesudason et al., 2002; Dawson-Hughes et al., 2005) . At the fifth International Symposium on Nutritional Aspects of Osteoporosis in 2003 it was concluded that the optimal S-25OHD concentration for bone health is between 50 and 80 nmol/l, with five of the six expert opinions clustered between 70 and 80 nmol/l (Dawson-Hughes et al., 2005) (mainly evaluated among Caucasians; however ethnicity is not always described). A high prevalence of symptomatic osteomalacia could be expected among these subjects due to the low S-25OHD. However, only one girl, two women and two men had elevated serum total alkaline phosphatase, and as shown in Figure 1 , PTH is not clearly elevated until S-25OHD levels are below 10-12 nmol/l. Besides the biochemical signs there were no other assessment of osteomalacia. Severely impaired muscle function may be present even before biochemical signs of bone disease develop (Glerup et al., 2000a) . It was not within the scope of this project to measure muscle strength. We did ask questions about muscle pain (duration and degree), but the questions were compounded by language difficulties; consequently the questions were not included in the analysis.
Fourth, the severe vitamin D deficiency and elevated PTH concentrations found in this group of Pakistanis was not clearly reflected in the bone markers measured. Contrary to an Australian study where a higher urinary excretion of deoxypyridinoline was found among vitamin D deficient Muslim women compared to the non-deficient women (Diamond et al., 2002) , we did not find any association for women and men. The level of deoxypyridinoline (5-7 nmol/ mmol creatinine) among the Muslim women in Australia (Diamond et al., 2002) is comparable to the level found in our study. The few studies to date investigating the relationship between S-25OHD and bone markers suggest S-25OHD threshold levels as high as 30 (Diamond et al., 2002 (Muslim women) ; Sahota et al., 1999 (UK women)) or 60 nmol/l (Jesudason et al., 2002 (white women) ) to define vitamin D insufficiency based on rise in bone markers. Therefore, our ability to detect relationship between S-25OHD and bone markers may be limited by the very low vitamin D levels among the majority of the subjects.
Fifth, in this study with relatively young healthy Pakistanis, bone status (DXA) was neither associated with S-25OHD and PTH nor with bone markers. The lack of association between S-25OHD and BMC in our study was also found in a study from Norway (Falch and Steihaug, 2000) . Two other Norwegian studies found that vitamin D-deficient Pakistanis living in Oslo had similar BMD (Alver et al., 2004) and similar level of bone turnover markers (Holvik et al., 2004) as Caucasian Norwegians. In contrast, S-25OHD was found in some extent to correlate with BMD among Asian Indians in India (Arya et al., 2004) , women in Iran (Rassouli et al., 2001 ), and S-25OHD level below 37.5 nmol/l was associated with a reduction in bones mass at the hip and wrist among Pakistani women in the UK (Roy et al., 2007) . Whether the very low vitamin D status and the secondary hyperparathyroidism among the Pakistanis in Denmark would lead to the same skeletal losses seen among Caucasians when the Pakistani women and men become older, we do not know yet. Only about 2% of the Pakistanis actually living in Denmark are above 65 years of age (Statistics Denmark, 2005) . Racial/ethnic physiological differences regarding bone health (e.g., gut resistance to actions of 1.25(OH) 2 D and differences in bone turnover) are reported for African-Americans compared to whites (DawsonHughes, 2004) . Indian/Pakistani women from the USA had lower BMD values than their Caucasian counterparts, but it did not appear to be attributable to ethnicity per se (Alekel et al., 1999) . Altered vitamin D metabolism was found among Asian Indians in the USA (Awumey et al., 1998) . If the vitamin D-deficient Pakistani immigrants are not protected from skeletal loss due to some ethnic/racial differences, large health problems could arise among Pakistani immigrants in the coming decades, after all; 21% of the women and 34% of the men in this study had osteopenia according to T score. However, it should be further investigated whether the WHO reference values of T score used to assess osteopenia and osteoporosis are valid for all ethnic groups, there might be different reference values for different ethnic groups.
Finally, it was found in this study that the use of vitamin D-containing supplements had a positive association with S-25OHD for women and men, when different lifestyle parameters were included in the statistical analyses to explain the S-25OHD concentrations. The increase in S-25OHD is about 100% for women taking vitamin D-containing supplements regularly compared to women taking no supplements. The dietary vitamin D intake was assessed using an FFQ and included in the statistical analyses. The dietary vitamin D intake (Table 1) was low compared to ethnic Danes (Andersen et al., 1996) , and the dietary intake was not associated with S-25OHD. Unmeasured confounders associated with supplement intake can be a limitation of this cross-sectional study. Muslim immigrants in Denmark are recommended through information leaflets to take 10 mg vitamin D supplements per day.
Vitamin D deficiency is suspected to be a contributing factor to several other diseases, for example, autoimmune diseases, some types of cancers and diabetes (mainly among Caucasians) (Holick, 2004) , as well as hypovitaminosis D myopathy among Arab immigrant women (Glerup et al., 2000a) .
In conclusion, our study shows severely low vitamin D status and elevated S-iPTH, and a negative relation between S-iPTH and S-25OHD, among Pakistani immigrants and descendents of both genders living in the Copenhagen area in Denmark. Use of vitamin D-containing supplements is a determinant for S-25OHD among the adults. Low vitamin D status, in this study with relatively young Pakistanis, was not associated with bone markers or bone mass. Randomized intervention studies are needed to clarify if bone status among immigrants can be improved by increasing vitamin D status.
